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Strengths and limitations of this studyThis paper for the first time investigates the salt content in cheese products available in UK supermarkets.This paper demonstrates the high salt content in cheese in the UK and the large variation in salt content between different types of cheeses and within the same type of cheese. The results indicate that much larger reductions in the amount of salt added to cheese could be made and more challenging targets need to be set.This study was based on salt content data provided on cheese packaging labels in stores; hence we relied on the accuracy of the data provided on the label. Therefore, it is assumed that the manufacturers provide accurate and up-to-date information in line with European Union regulations.

Introduction {#s1}
============

There is strong evidence that a high salt intake increases blood pressure and thereby increases the risk of cardiovascular disease (ie, strokes, heart attacks and heart failure) and kidney disease.[@R1] [@R2] A high salt intake also has other harmful effects on health, for example, increasing the risk of stomach cancer[@R3] and osteoporosis,[@R4] and is indirectly linked to obesity.[@R5] Furthermore, it has been demonstrated that a reduction in population salt intake is one of the most cost-effective measures to improve public health.[@R6] Populations around the world are consuming salt in quantities that far exceed physiological requirements.[@R7] As such, the WHO has recommended salt reduction as one of the top three priority actions to tackle the non-communicable disease crisis.[@R8] At the recent World Health Assembly, it was unanimously agreed that all countries should reduce their salt intake by 30% towards a target of 5 g/day, by 2025.[@R9]

The UK has successfully developed a voluntary salt reduction programme which is considered one of 'the most successful nutrition policies in the UK since the second world war'.[@R10] First developed by Consensus Action on Salt & Health (CASH), the strategy involves lowering salt intakes by (1) reducing the amount of salt added to processed foods by 40% and (2) reducing salt in cooking or at the table by 40%. In order to reduce average salt intake from 9.5 g/day to the projected target of 6 g/day in adults, the Food Standards Agency (FSA) then set a series of progressively lower salt targets for over 80 categories of food,[@R11] [@R12] which have now been incorporated as part of the Government\'s Public Health Responsibility Salt Reduction Pledge as the '2012 targets'.[@R13] Other countries around the world, including Australia, the USA and Canada, are adopting a similar target-based approach to salt reduction.[@R7] To date, significant progress has been made by many food manufacturers and retailers in the UK, with salt content being reduced across the board, including by up to 50% in breakfast cereals, 45% in biscuits, 40% in pastry products, 25% in cakes and pasta sauces and 20% in bread.[@R14] [@R15] Furthermore, it has been reported that less salt is being added at the table by consumers.[@R6] The average salt intake in the UK population is steadily decreasing in parallel, with intakes at 8.1 g/day,[@R16] the lowest known accurate figure for any developed country (ie, measured by 24 h urinary sodium excretion),[@R7] but continues to exceed the maximum recommended limit of 6 g/day. However, this represents a 15% reduction from 2001 (9.5 g).[@R17] This reduction in salt intake is accompanied by a fall in the average population blood pressure and a reduction in mortality from stroke and ischaemic heart disease.[@R18] This is estimated to be saving ≈9000 lives every year and resulting in major cost savings to the UK economy of more than £1.5 billion per year.[@R19]

Approximately 75% of the salt consumed in the UK and other developed countries comes from processed foods, and is added by food manufacturers prior to consumer purchase.[@R20] Based on the National Diet and Nutrition Survey, the top 10 contributors of salt intake in the UK are bread; bacon and ham; pasta, rice, pizza and other cereals; vegetables (not raw) and vegetable dishes; chicken and turkey dishes; savoury sauces, pickles, gravies and condiments; cheese; sausages; beef and veal dishes; biscuits, buns, cakes, fruit pies and pastries.[@R21] Cheese is one of the top 10 contributors and is widely consumed. In the UK, cheese production for the 12 months ending April 2013 was 376 350 tonnes,[@R22] with an average person consuming 9 kg of cheese per year.[@R21] Cheese is an important contributor of salt intake. In the UK, milk and milk products are estimated to contribute about 9% of salt intake, with cheeses accounting for 44% of the salt consumption in this category and the percentage has not decreased over the past 10 years.[@R17] [@R21] Cheese also contributes to salt intake in many other countries such as the USA (3.8--11%),[@R23] [@R24] Australia (4--7%)[@R25] [@R26] New Zealand (2.8%)[@R27] and Canada (3.2--5.4%).[@R28] [@R29]

Cheese is heavily marketed for its high calcium content, particularly to children,[@R30] but as cheese is high in salt and salt intake is the main factor increasing calcium excretion in the urine,[@R31] this claimed benefit requires more evidence to show the effect of cheese on the net calcium balance. Cheese is also a major contributor to fat and saturated fat intake in the UK diet, 6% and 10%, respectively.[@R21]

Very little work has been conducted looking at the salt content of cheese in the UK. This research was carried out to evaluate the salt content listed on the labels of cheese products sold in the UK, report the variability in salt level and assess the salt levels in relation to the Department of Health 2012 salt reduction targets.

Methods {#s2}
=======

Data collection {#s2a}
---------------

Data were collected from product packaging and nutrient information panels. The survey was designed as a comprehensive survey of all cheeses available in a snapshot in time, using one large outlet for each of the seven main retailers in the UK.

For each cheese, the data collected included the company name, product name, pack weight, serving size, sodium/salt per 100 g and sodium/salt per portion. When there were missing figures, they were calculated where possible, for example, the missing sodium or salt values were converted by multiplying by 2.5 (sodium to salt) or dividing by 2.5 (salt to sodium). All data were double checked after entry, and a further 5% of entries were checked against the original source in a random selection of products.

### Inclusion/exclusion criteria {#s2a1}

Data were collected from each of the major UK supermarkets (Asda, Marks and Spencer, Morrisons, Sainsbury\'s, Tesco, The Co-operative and Waitrose) to represent salt levels of cheese in the UK. Data were collected for supermarket own brand and branded cheese products available. However, due to resource restrictions only the data for cheddar and cheddar-style cheese products were collected from Morrisons. Packaged cheese products with salt or sodium information labelled were included. Cheese products with other food components such as biscuits/crackers or ham were excluded, with the exception of cottage cheese, cream cheese and Wensleydale traditionally produced with fruits or vegetables. Also, cheese products that contained two different types of cheese were excluded such as a product of grated mozzarella and cheddar cheese and torta con gorgonzola which is a blend of mascarpone and layered gorgonzola cheese. When two sizes were available, the standard weight was used. Cheese types with a sample size less than eight products with nutrient information on the packaging, found across the different supermarkets, were excluded: jarlsberg (4 products), mascarpone (5), Lancashire (2), Leerdammer (4), Maasdam (2), sheep, Appenzeller (1), Bavarian smoked (1) and ricotta (2).

### Product categories {#s2a2}

Products were categorised into the following types of cheese: brie, Camembert, cheddar and cheddar style, Cheshire, cottage cheese (plain and with pineapple, chilli, pepper, onion and chives), cream cheese (plain and with garlic, herbs, chilli, onion and chives), double Gloucester, edam, emmental, feta, goat\'s cheese, blue cheese (produced in the UK), other blue cheese (not produced in the UK), gouda, gruyere, halloumi, mozzarella, parmesan (grana padano, parmigiano reggiano and perorino romano), red Leicester, Wensleydale (plain and with fruits), spread and other processed cheese (included singles and string cheeses). This was partially based on the criteria set by the UK Department of Health for cheese salt reduction targets. Data were also categorised separately into supermarket own brand and branded products and hard pressed with and without salt reduction targets and blue cheese with and without salt targets. The hard-pressed cheese category included the following cheese types: emmental, Wensleydale, Cheshire, hard mozzarella, gruyere, red Leicester, double Gloucester, cheddar/cheddar style, parmesan, gouda, edam and halloumi. The blue cheese category included blue cheese produced in the UK and imported into the UK.

Statistical analysis {#s2b}
--------------------

### Comparison among products {#s2b1}

Independent samples t test was used to compare the levels of salt between supermarket own brand and branded products, and hard pressed with and without salt reduction targets and blue cheese with and without salt targets and cheddar cheese with and without salt targets.

Data are reported as mean, SD and range as indicated. Significance in all tests carried out was deemed as p\<0.05. All data were analysed using SPSS.

### Salt targets {#s2b2}

For each cheese type, we calculated the total number and percentage of products that met the Department of Health\'s 2012 salt target for cheese. We used χ^2^ test to compare the percentage of supermarket own brand and branded products for cheddar and cheddar-style cheese that met the Department of Health\'s 2012 salt targets.

Results {#s3}
=======

A total of 612 cheese products met the inclusion criteria and were included in our analysis.

[Figure 1](#BMJOPEN2014005051F1){ref-type="fig"} shows the salt level in different types of cheeses per 100 g. Salt content in cheese was high and there was a large variation in salt content between different types of cheeses and within the same type of cheese. On average, eight out of 23 types of cheese contain more than 2 g of salt per 100 g. Halloumi (2.71±0.34 g/100 g) and imported blue cheese (2.71±0.83 g/100 g) contained the highest amounts of salt, whereas only three types of cheeses contained less than 1 g of salt per 100 g; cottage cheese (0.55 g) contained the lowest amount of salt.

![Salt levels (g/100 g) in each type of cheese.](bmjopen2014005051f01){#BMJOPEN2014005051F1}

[Table 1](#BMJOPEN2014005051TB1){ref-type="table"} compares the salt levels for each type of cheese between supermarket and branded products. Ten of the 23 types of cheeses had a large enough sample size to analyse further; of these, six showed a higher salt level in branded than supermarket own brand products and four showed that supermarket own brand products had a higher salt level.

###### 

Salt levels (g/100 g) for each type of cheese between supermarket and branded products

  Cheese type             Supermarket   Branded          
  ----------------------- ------------- ----------- ---- -----------
  Camembert               12            1.63±0.16   4    1.49±0.01
  Cheddar/cheddar style   187           1.72±0.14   63   1.78±0.13
  Other processed         14            2.48±0.38   8    2.01±0.44
  Cheese spread           7             1.89±0.28   12   1.88±0.31
  Cream cheese            14            0.68±0.24   5    0.86±0.13
  Edam                    12            2.38±0.28   4    2.01±0.28
  Emmental                5             0.60±0.14   4    1.66±0.28
  Feta                    18            2.51±0.58   4    2.52±0.71
  Goat's cheese           16            1.23±0.40   4    1.24±0.58
  Mozzarella              18            0.65±0.33   4    1.16±0.35

Cheddar and cheddar-style cheese is the major type of cheese in the UK and has the highest number of products in our analysis. The salt level in branded cheddar and cheddar style was 3.5% higher than supermarket own brand (p\<0.01; [figure 2](#BMJOPEN2014005051F2){ref-type="fig"}).

![Salt levels (mean±SD) and percentage meeting salt targets in supermarket and branded cheddar and cheddar-style cheese.](bmjopen2014005051f02){#BMJOPEN2014005051F2}

Comparing with the 2012 targets {#s3a}
-------------------------------

Among the 23 types of cheese, 10 types had salt targets and 13 did not have targets. Overall, cheeses with targets had significantly lower levels of salt compared with those without targets ([table 2](#BMJOPEN2014005051TB2){ref-type="table"}). Hard-pressed cheese and blue cheeses with targets also had significantly lower levels of salt compared with those without targets ([table 2](#BMJOPEN2014005051TB2){ref-type="table"}).

###### 

Salt levels in cheese with and without salt targets (g/100 g)

  Cheese type     With target   Without target   p Value               
  --------------- ------------- ---------------- --------- ----------- ------
  All             394           1.66±0.42        218       1.78±0.79   0.04
  Hard pressed    303           1.70±0.20        99        1.96±0.72   0.00
  Blue cheese\*   15            2.02±0.09        13        2.71±0.83   0.01

\*The blue cheese category here included blue cheese produced in the UK and imported into the UK.

[Table 3](#BMJOPEN2014005051TB3){ref-type="table"} shows the cheese products meeting the Department of Health 2012 salt targets. Within each cheese category, the average salt level was lower in products that met the targets compared with products that did not meet the target. Overall, among the 394 cheeses that had salt reduction targets, 84.5% have already met their respective 2012 targets. There are three cheese types where all of the products surveyed have met the 2012 targets ([table 3](#BMJOPEN2014005051TB3){ref-type="table"}) and a larger proportion of cheese types are close to meeting the 2012 targets. However, only double Gloucester (60%) and other processed cheeses, including singles and strings (54.5%), had the lowest proportion of products meeting the targets.

###### 

Cheese products meeting the Department of Health 2012 salt targets

  Cheese type             2012 salt target (g/100 g)   Number of products   Meeting target          
  ----------------------- ---------------------------- -------------------- ---------------- ------ -----------
  Cheddar/cheddar style   1.8                          250                  214              85.6   1.71±0.12
  Other processed         2                            22                   12               54.5   1.93±0.17
  Cheese spread           2.25                         19                   19               100    1.88±0.29
  Cheshire                1.8                          8                    8                100    1.43 na
  Cottage cheese          0.63                         16                   14               87.5   0.51±0.03
  Cream cheese            0.75                         19                   14               73.7   0.61±0.07
  Double Gloucester       1.8                          10                   6                60.0   1.58±0.14
  Red Leicester           1.80                         21                   18               85.7   1.69±0.11
  Blue cheese             2.10                         15                   14               93.3   2.00±0.02
  Wensleydale             1.80                         14                   14               100    1.13 na
  Overall                 na                           394                  333              84.5   1.61±0.38

na, not applicable.

[Table 4](#BMJOPEN2014005051TB4){ref-type="table"} compares the supermarket and branded products that met the 2012 targets. A greater number of supermarket own brand products (90%) compared with branded products (73%) met the target for cheddar and cheddar-style cheese ([figure 2](#BMJOPEN2014005051F2){ref-type="fig"}).

###### 

Percentage of supermarket and branded products that meet the 2012 targets

  Cheese type             2012 salt target (g/100 g)   Meeting target              
  ----------------------- ---------------------------- ---------------- ----- ---- -----
  Cheddar/cheddar style   1.8                          168              90    46   73
  Other processed         2.0                          5                36    7    88
  Cheese spread           2.25                         7                100   12   100
  Cheshire                1.8                          8                100   0    na
  Cottage cheese          0.63                         14               93    0    na
  Cream cheese            0.75                         12               86    2    40
  Double Gloucester       1.8                          6                100   0    na
  Red Leicester           1.8                          17               85    1    100
  Blue cheese             2.1                          12               92    2    100
  Wensleydale             1.8                          13               100   1    100

Discussion {#s4}
==========

Salt content in cheeses was found to be high and there was a large variation in salt content between different types of cheeses and within the same type of cheese. In most types of cheese, branded cheese had a higher salt level compared with supermarket own brand. Overall, among the 394 cheeses that had salt reduction targets, 84.5% have already met their respective 2012 targets. Furthermore, 90% of supermarket own brand products met the target for cheddar and cheddar-style cheese compared with 73% of branded products.

Our finding of a high salt content in cheeses sold in the UK is similar to those observed in the USA,[@R32] [@R33] Australia,[@R34] France,[@R35] Belgium,[@R36] Canada,[@R37] New Zealand,[@R38] South Africa[@R39] and Brazil[@R40] showing that high levels of salt in cheese is a global challenge.

Salt has been claimed to be important in the flavour, texture, structure, acceptability, shelf life and safety of cheese,[@R41] but the development of cheese with lower salt content has been thriving.[@R44] Studies describing the reduction of salt in cheddar cheese are limited, despite the importance of this cheese in the British diet. Those studies that exist involve reducing salt in cheddar cheese[@R51] or the addition of other compounds that can function in ways similar to salt (sodium chloride), such as potassium chloride,[@R44] [@R52] magnesium chloride and calcium chloride.[@R57] [@R58]

Supermarket own brand cheese have been produced with lower levels of salt, which demonstrates that---despite claims to the contrary---delivering salt reduction appears not to be a technical issue related to cheese manufacture. Corporate decisions about food composition are often based on factors such as common practice, taste and price, rather than health. However, evidence suggests that where salt reductions are made gradually in products, no change in consumer preference is reported.[@R59] [@R60]

Our paper, using the example of one of the top 10 contributors of salt to the UK diet---cheese, demonstrates that a national target-based approach to reformulation can be a successful method for reducing the salt content in food. Our findings show that cheese types with salt targets contained less salt than cheese types without salt targets, which suggests that the targets have helped focus and drive the manufacturers to reduce their salt levels. There were three cheese types where all of the products surveyed met the 2012 targets ([table 3](#BMJOPEN2014005051TB3){ref-type="table"}) and a large proportion of cheese types are close to meeting the 2012 targets. Therefore, the Department of Health has recently reset the targets to lower levels. However, not all cheese types sold in the UK (see online supplementary appendix 1) have a salt target, unlike in other countries such as the New York City salt reduction targets, where they have included a target for parmesan type of cheese.[@R61] Also, some of UK cheese salt targets are less ambitious when compared with New York City salt reduction targets, particularly the main target in this food category, which is for hard-pressed cheeses such as cheddar cheese. In the UK the target is 1.8 g/100 g but in New York it is 1.58 g/100 g for 2012 and 1.5 g/100 g for 2014. Furthermore, the sales-weighted mean (1.67 g) is lower than the average found in our study and lower than the UK 2012 salt target. There is a bigger variation in the cheese types without targets (18--500%); setting a target would narrow this variability.

Limitations {#s5}
===========

Our study was based on salt content data provided on cheese packaging labels in stores; hence we relied on the accuracy of the data provided on the label. Therefore, it is assumed that the manufacturers provide accurate and up-to-date information in line with European Union regulations. However, further study should include salt content determined through laboratory analysis to achieve a better understanding of the true salt content. When collecting data we did not capture the ingredients list; this means we are unable to ascertain whether salt has been replaced with any other ingredients/additives in the cheese that came out lowest. Such data should be collected in future surveys. Additionally, the salt content in cheese is likely to differ across countries; our data are primarily relevant to the UK. Nevertheless, the results of this study are relevant and serve to document the salt content in cheese products sold in UK supermarkets, providing a foundation for future studies and providing information for programmes and the dairy industry to potentially move towards the reformulation of these products.

Conclusion {#s6}
==========

This research demonstrates that salt content in cheese in the UK is high and there is a wide variation in the salt content in different types of cheeses and even within the same type of cheese. Despite this, 84.5% of cheeses have already met their respective 2012 targets. These findings demonstrate that much larger reductions in the amount of salt added to cheese could be made and much more challenging targets need to be set.

Other countries around the world now need to follow suit and develop a target-based approach to reducing salt content of processed foods. While the food category emphasis may differ between countries, the concept of using salt targets to achieve a 'level playing field' in the industry is universal. A product like cheese is widely consumed internationally and this research demonstrates the variability in salt levels within each type and how targets can help to lower the levels of salt.
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